cAMP induces heme oxygenase-1 gene expression and carbon monoxide production in vascular smooth muscle.
Recent studies indicate that vascular smooth muscle cells generate carbon monoxide (CO) via the action of heme oxygenase (HO). Because adenosine 3',5'-cyclic monophosphate (cAMP) is an important intracellular signaling molecule in the regulation of vascular cell function, we examined whether this second messenger modulates the expression of HO and the production of CO by rat aortic smooth muscle cells. Treatment of smooth muscle cells with the membrane-permeable cAMP derivative dibutyryl cAMP or with compounds that increase intracellular cAMP levels (isoproterenol and forskolin) resulted in a concentration- and time-dependent increase in the levels of HO-1 mRNA and protein, whereas the expression of HO-2 remained unchanged. Both actinomycin D and cycloheximide blocked the basal expression of HO-1 mRNA and protein and prevented the cAMP-mediated induction of HO-1. Incubation of platelets with cAMP-treated smooth muscle cells resulted in a significant increase in platelet cGMP concentration that was partially reversed by treatment of smooth muscle cells with the nitric oxide synthase inhibitor NG-monomethyl-L-arginine or the HO blocker zinc protoporphyrin-IX. However, the combined addition of these two inhibitors to cAMP-treated smooth muscle cells or the addition of the CO and NO scavenger hemoglobin to platelets completely blocked the stimulatory effect on platelet cGMP levels. These results demonstrate that cAMP induces the expression of the HO-1 gene and stimulates the formation of CO and NO in vascular smooth muscle cells. The capacity of cAMP to induce the synthesis of guanylate cyclase-stimulatory CO from smooth muscle cells may represent a novel mechanism by which this nucleotide regulates vascular tone.